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Antibiotic resistance and survival of E coli in

the alimentary tract
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Summary

Some antibiotics tend to select for R-factor-carrying
E scherichia coli inthehumangut, with complex long-term
consequences. Some resistant strains disappear rapidly
when treatment ends, while others persist for months in
the absence of obvious antibiotic selection pressure, and
the performance of individual resistant strains seems to
depend more on the nature of the strain than on the
plasmid carried. R plasmids are relatively rare in those
E coli that colonize well in the gut and resistant bacteria
therefore tend to disappear when treatment ends, but
this situation could change dramatically if R plasmids
became prevalent among those strains of E coli that
colonize effectively.

Introduction

There has been much discussion about the threat to health
posed by resistant coliform bacteria in the gut and the part
played by antibiotics in maintaining this reservoir of resistant
organisms.'-2 Undoubtedly treatment of man and animals with
many different antibiotics (particularly ampicillin and tetra-
cycline3-14) selects effectively for a predominantly resistant gut
coliform flora, but even the flora of those not receiving anti-
biotics usually contains a few resistant organisms. 6-1 0 Resistant
bacteria may even be found in people unlikely ever to have been
given antibiotics.'5-16 This low prevalence of resistant organisms
in those not receiving antibiotics has been taken to be a long-
term and indirect consequence of antibiotic treatment in the
population at large,3 while others have argued that it may reflect
a continuing selection pressure imposed by low levels of anti-
biotics in the environment.'0 This second view is usually based
on the argument that some such selection pressure must exist
otherwise R-positive bacteria, which in some experiments seem

less able to survive in the human gut than their R-negative
counterparts,"7 would disappear. One source of contamination
is thought to be the indiscriminate use of antibiotics, mainly in
animal husbandry.3 5 10
The belief that R-positive strains of Escherichia coli survive

less well than R-negative ones is based on two main types of
observation. Firstly, there are studies in which a mixture of
R-positive and R-negative E coli of the same strain are fed and
their survivals followed by monitoring faecal elimination."7 Such
experiments do, indeed, tend to support the view that R-factor
carriage impairs the persistence of E coli strains in the human
gut in the absence of selection pressure, but the number of pairs
of strains so studied is still small. Furthermore, the practical
relevance of such studies is doubtful, since the competition
between resistant and sensitive bacteria that occurs in the
alimentary tract is not normally between R-positive and R-
negative variants of the same strain but between resistant and
sensitive bacteria not otherwise isogeneric.

Persistence of resistant strains in the gut

The other observation that tends to suggest that R-positive
bacteria survive less well in general than their R-negative
counterparts comes from the sequence of events that follows the
end of antibiotic use in individual patients. Often the coliform
flora of the gut returns to a predominantly sensitive state within
10 days or so of the end of treatment. Fig 1 shows two ty.pical
examples, one after the use of tetracycline and the other
after the use of ampicillin. In both cases resistant strains had
disappeared by the tenth day after treatment. But this pattem
of events is by no means universal. The table shows the response
in a patient after the end of tetracycline treatment. A serotype
018 strain of E coli harbouring a plasmid conferring resistance
to streptomycin, tetracycline, and sulphonamides persisted for
at least eight months after the end of treatment, and for much of
this time the resistant strain remained predominant among
faecal coliforms. Another example (fig 2) involved the persist-
ence of a chloramphenicol-resistant strain of E coli in a person
for more than three months even though that person had never
knowingly received this antibiotic, and again the resistant
organisms frequently constituted more than 10% of the coliform
flora of the faeces.
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Persistence of E coli strains in one patient after treatment with tetracycline
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0 Type Resistance No. of Isolates (Out of 10 Colonies from Non-selective Agar) Exhibiting Given Reaction
Pattemr | at Stated No. of Days after Therapyt

Days after therapy: 1' 2 3 4| 5 6' 7 8 9 11 12 13 14 17 18 20 21 22 27 29 31 32 I33 35 37

011 TSu 4 2 4 4 4 2 31 1 i K~
018 TSSu 6 8 10 9 6 5 6 6 3 2 3 7 7 2 10 6 8 4 6 5 10 4086 ASSuC 3 8 7
0108 3
NT 2 2

Days after therapy: 39 41 42 43 45 46 64 65 67 68 69 72 74 76 78 80 81 82 84 87 88 89 90 94 95

09 5 1

015 31
015 TSSu 2
017 4
018 TSSu 10 6 6 6 5 6 9 10 3 4 1 5 6 10 10 1 3 9 10 9 10 4 10
018 SSu 1 1
021 2 1
024 1
050 2
064 3
NT 2

Days after therapy: 96 97 100 103 105 112 115 117 118 122 123 125 129 130 132 137 138 140 143 147 150 151 153 168 171

015 1 1 2
018 TSSu 9 9 2 3 10 8 5 10 6 1 6 10 5
018 sSu 1 2 10 6 10 5
020 1 4
024 4 4
027 2
050 3 1 9 6

Days after therapy: 175 183 186 188 189 193 197 200 202 1208 209 210 216 223 228 230 235 237 240 242 244 246 249 256

09 1
015 3 6 10 10 8
018 TSSu 2 1 4 4 10 2 2
018 SSu 8 4 1 3 2 10 1 5 1 10 10 5
018 TSu 2
021 12 1
024 3
040 3
075 1
086 5
088 TSSu 5
0101 2
0128 4
NT 2 1 1 4

*T= Tetracycline. Su= Sulphonamides. S = Streptomycin. A = Ampicillin. C = Chloramphenicol. NT = not typable with available sera.
fIn instances where number is under 10, the remaining isolates proved not to be E coli.
tCulture on selective agar showed presence of strain as a substantial minority component of flora.
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FIG 1-Persistence of E coli sensitive to penicillins and cephalosporins (-)
and tetracycline (0) in faecal flora after end of clinical course of ampicillin
and tetracycline respectively.

In practice the time course of the return of the flora to a
predominantly sensitive state after antibiotic treatment varies
widely from person to person. In eight people studied in detail
so far in this laboratory the quickest decline left the flora
sensitive within three days of the end of treatment, while with
the slowest decline resistant organisms of the same serotype as
those that emerged during treatment were still present more
than nine months later.

This wide variation in response after the use of antibiotics
and the persistence of a low level of resistant bacteria in people
not known to be receiving antibiotics raise important questions
about the nature of the pressures that select for the survival of

FIG 2-Survival of chloramphenicol-resistant 06 strain of E coli in faecal
flora of person never knowingly having been given this antibiotic and not

receiving any antibiotic at time of study. H = Holiday period during which
no samples were taken.

coliforms, whether sensitive or resistant, in the gut under
various conditions. When antibiotic treatment is in progress it
is clearly the antibiotic action itself that is of prime importance,
but why do some resistant strains persist in people not under-
going treatment, and what factors are important for the survival
of resistant strains during the transition from an antibiotic-rich
to an antibiotic-poor (or antibiotic-free) environment, as occurs

when treatment ends ?
We have begun to investigate this problem by studying the

survival of individual E coli 0 types, resistant and sensitive, in
people not known to be receiving antibiotics. Faecal samples
were taken on a routine basis at intervals of a few days from
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volunteers.18 1' Each specimen was weighed and suspended in
a known volume of standard sterile physiological saline. Dilu-
tions of these suspensions were then prepared and plated on
MacConkey's bile lactose agar to determine the total coliform
count. Ten colonies were then picked from these plates, tested
with discs for their resistance to ampicillin (25 ,ug/disc), tetra-
cycline (50 ,ag), streptomycin (25 ,g), and chloramphenicol
(50 Htg), and 0-typed by methods already described.' 9 2 0 When
the isolates so obtained were resistant to antibiotics the transfer
of their resistance determinants to an R-negative E. coli re-
cipient was tested by a standard mating procedure.' 9 This
series of operations therefore allows one to decide which E. coli
0 types are predominant in the flora at any time. The survival
of the individual 0 types was scored as follows: when a par-
ticular type persisted from one sample to the next it was
assumed to have been present at that level throughout the period
between the samples. A given 0 type that appeared sporadically
in samples from a given person-that is, where some samples
in a series did not show the presence of the strain-was scored
as having appeared repeatedly rather than continuously. The
method of scoring therefore measures the ability of the various
0 types to become a predominant part of the coliform flora but
not their ability to remain in the gut as minority components.

So far the incidence of both resistant and sensitive E. coli
0 types in the predominant part of the coliform flora has been
followed in 33 people for a total of 2578 days. In all, 95 different
sensitive and 65 different resistant 0 types were found. Calcu-
lation of the mean residence time of all sensitive 0 types in the
samples gave a value of 5-7 days, while a similar calculation for
resistant strains gave 61 days. When this second average was
recalculated for those coliforms carrying R factors alone (as
shown either by resistance transfer in the standard test or by
the presence of a tetracycline resistance determinant in the
strain' 9 21) the mean residence time for R-positive 0 types was
6-6 days. Overall, therefore, R-factor carriage does not seem to
have a major effect on the survival of E coli strains as identified
by 0-typing in people not receiving antibiotics. Morevoer, the
data show that, on average, individual 0 types turn over fairly
rapidly in the human gut, at least when measured in terms of
their ability to reach the predominant status in the coliform
flora.

Effect of antibiotics on bacterial survival

Though over 2500 man-days have been examined during this
survey, it is important to stress that this period of study is still
relatively short and that the conclusions must be considered
tentative until confirmed by more-prolonged surveys. Neverthe-
less, the observations made so far have many implications for
our understanding of the factors affecting R-factor survival in
the absence of antibiotic treatment, since they suggest that the
survival of resistant bacteria in the absence of antibiotic selection
pressure depends on the characteristics of the E coli host rather
than on those of the plasmid that is carried. Thus the survival of
the plasmids in the coliform flora shown in the table probably
had little to do with the resistance characters carried by the
plasmids but depended on the properties of the E coli strains
that carried them. Similarly the low but perceptible prevalence
of R-factor-carrying E coli in the faecal flora of people not
receiving antibiotics probably reflects the survival properties of
the E coli strains that happen to carry plasmids rather than any
selective effect of low levels of antibiotics in the environment.

If these conclusions are correct it would be possible to predict,
to some extent at least, how the faecal flora would respond to
the completion of a therapeutic course of an antibiotic that
selects for R-factor-mediated resistance. At the end of such a
course the coliform flora is normally resistant to the antibiotic
and commonly consists of a single strain harbouring a single
type of R factor. Removal of the selection pressure allows any
sensitive bacteria that may have survived in small numbers, or

any such bacteria coming in with food, to compete with the
resistant population. In most cases this competition results in
the reduction of the resistant population and an increase in
sensitive strains; and within 10 days or so the resistant line has
commonly disappeared below the level of detection. But in some
cases the resistant strain seems able to compete successfully
with any surviving or superinfecting bacteria and remains a

predominant component of the flora even though the direct
pressure for the survival of the plasmid in the strain through its
resistance determinants has ended. Indeed, if the competitive
ability of the resistant strain is good enough the R factor may
be maintained for long periods even though no antibiotics are

administered.
There are probably major differences between the circum-

stances that lead to a strain becoming the predominant com-

ponent of the coliform flora and those that allow survival as a

minority strain. Certain R-factor-carrying strains may not,
therefore, disappear completely from the faecal flora even

though their abundance decreases rapidly after the end of treat-
ment. As is the case with strains that remain common, however,
their final level may have nothing directly to do with the survival
of the strain in the presence of antibiotics. More likely it will
reflect the ability of the organisms to adhere to the wall of the
gut or some similar property of immediate survival rate.

R factors and individual E coli 0-antigen types
The abundance of the various 0 types of E coli in the faecal

flora ofman has been studied for many years and certain 0 types
are known to be more abundant than others." "Types 01, 02,
04, 05, 018, 020, 025, and 075 are particularly notable in this
respect and their prevalence is normally taken as a measure of
their ability to persist in the human intestinal tract." " When
the abundance of the various 0 types among R-factor-carrying
strains is examined the pattern is found to be very different:
08, 09, 086, and 0101 strains are particularly common, and
01, 02, 04, 05, and 075 strains are relatively rare.'8 19 At
present, therefore, R factors are less widespread than they
might be in those E coli 0 types known to persist well in the
human gut, and this may account for the fact that R factors are

still relatively rare in the faecal flora of those not receiving anti-
biotics. It also may explain why the removal of antibiotic
selection pressure tends to result in the replacement of a pre-
dominantly R-factor-carrying flora by a sensitive one, but not
to the point that all R-positive strains disappear from the gut
completely. Were R-factor-carriage in E coli serotypes 01 and
02 to become more common, the prevalence of R factors in the
human faecal flora might be expected to rise, and this might well
occur without any increases in the use of antibiotics.

Long-term consequences of antibiotic use

Though these arguments stress the importance of selective
influences other than the use of antibacterials on the long-term
survival of R-positive bacteria in man, this should not be taken
to deny the impact of treatment and other forms of antibiotic
administration. Indeed, the reservoir is likely to be maintained
by a combination of the effect of the R factors in protecting the
bacteria in the presence of antibiotics and the ability of the
bacterial host to survive in man for long periods regardless of
whether R factors are carried or not. In this way the use of an

antibiotic at one point in time may significantly influence events
in a person long after the antibiotic has ceased to have any
direct action. And since many R-positive coliforms may them-
selves transfer their resistance plasmids to sensitive bacteria of
other species and genera, antibiotic use even for a limited period
may well select indirectly for the appearance of resistance in
unexpected organisms some time later. Furthermore, bacterial
cross-infection may lead one group of resistant organisms which
has become abundant in a patient or group of patients because
of treatment to colonize others. Indeed, this may be the source
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of the resistant organisms found in human populations that have
never been treated with antibiotics.6 10 Visitors may have
brought R-factor-carrying bacteria from localities where anti-
biotic use was widespread.
The long-term effect of antibiotics on the E coli flora of the

population as a whole seems therefore to be insidious rather
than dramatic, unlike the case with Salmonella species.3 24 But
its implications are none the less important. Nor should one be
lulled into a sense of false security by the apparent inferiority of
some R-factor-carrying strains at surviving in the gut when
compared with the survival of their sensitive counterparts. The
relative rarity of R factors in those strains of E coli notably
effective at colonizing the gut of man in the absence of selection
pressure means that the potential reservoir in the human popu-
lation is not yet as full as it might be. But this is no excuse for
using antibiotics with anything but scrupulous care.

This work was supported by grants from the Medical and
Agricultural Research Councils.
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Intravenous diazoxide in treatment of hypertension
associated with recent myocardial infarction
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Summary

Twenty patients with blood pressure over 180/110 mm Hg
one hour after admission to a coronary care unit with
recent acute myocardial infarction were given intra-
venous diazoxide in a bolus of 300 mg. The average blood
pressure before diazoxide was 194/122 mm Hg. Blood
pressure fell considerably in all patients, though six
patients required two injections. The average fall was
58 mm Hg systolic and 40 mm Hg diastolic. No patient
became severely hypotensive. The heart rate increased
by an average of 10 beats/min. In nine patients the
electrocardiographic changes immediately after the
administration of diazoxide suggested an increase in
myocardial injury. Though none ofthe patients seemed to
deteriorate clinically from the diazoxide the electro-
cardiographic changes suggested that the use of intra-
venous diazoxide to lower blood pressure in patients
with acute myocardial infarction might possibly be
deleterious.
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Introduction

Much recent discussion about the treatment of acute myo-
cardial infarction has centred on possible methods for limiting
infarct size, and it has been suggested that certain manipulations
carried out after the patient's arrival in hospital might salvage
quantities of myocardium.

Because blood pressure is one of the main determinants of
myocardial oxygen demand it has been suggested1. that a
reduction in abnormally raised blood pressure in patients with
acute myocardial infarction might reduce infarct size and thus
mortality. Shell and Sobel2 have reported beneficial results from
reducing blood pressure with trimethaphan camsylate, and
others3 4 have shown benefit from the use of vasodilators such
as nitroprusside and phentolamine. Cardiac rupture after
myocardial infarction5 occurs more often in patients who are
hypertensive than in those who are normotensive, which also
suggests that it might be advantageous to lower abnormally
raised blood pressures in patients with acute infarction.
To our knowledge there have been no previous reports on the

use of intravenous diazoxide in patients with hypertension
associated with acute myocardial infarction. Intravenous diazox-
ide was considered a suitable agent for use in acute myocardial
infarction because of its well-known speed of action and
efficacy and also because it has been shown to increase coronary
blood flow and cardiac output.6-8 Furthermore, the use of
intravenous diazoxide has not been associated with the pro-
nounced increase in heart rate that occurs with some other
intravenous blood pressure lowering agents such as hydrallazine.
Thus we undertook a trial to assess the effects of intravenous

diazoxide in 20 patients with proved recent myocardial infarction
and associated hypertension.
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